Sequence learning and contextual cueing explore different forms of implicit learning, arising from practice with a structured serial task, or with a search task with informative contexts. We assess whether these two learning effects arise simultaneously when both remain implicit. Experiments 1 and 2 confirm that a cueing effect can be observed under a continuous setting and that there is no interference between contextual cueing and sequence learning. Experiments 3a and 3b tested whether an interference arises specifically when the sequence becomes explicit. Results show that the expression of contextual cueing disappeared in those conditions but that context information is still acquired, and it affects performance when the sequence is removed. The results are discussed in relation to the current debates about the automaticity of implicit learning, and about the role of attention in the acquisition and expression of contextual cueing.
The concept of automaticity appears too wide and fuzzy to allow for a single test of that property. Describing a cognitive process as automatic has been taken to mean different things such as that the process runs without intention or unconsciously, that it proceeds together with other nonautomatic processes without incurring cognitive costs, that it goes on in an efficient manner, that it is goal independent or stimulus driven, or that it fulfills just a particular subset of all these attributes (see the work of Moors & De Houwer, 2006 , for an extensive analysis of the term). However, despite a persistent failure to define automaticity, the concept has survived its own ambiguity, as if it holds a promise to provide researchers with an important tool to understand cognition (Bargh & Morsella, 2008) .
In the learning literature, the difference between automatic and nonautomatic processes has been identified with the distinction between implicit and explicit learning. Implicit learning is often characterized as automatic, in that it takes place unintentionally as a side effect of processing and responding to structured stimuli. In contrast, explicit learning is taken as the result of an intentional attempt to encode and retain the relevant information contained in a structured environment. It has also been argued that the results of implicit learning processes can remain unconscious under certain circumstances and that they do not rely on resource-demanding operations such as testing hypotheses or actively trying to commit the relevant information to memory. The issue about the independence of implicit learning processes from the availability of central cognitive resources has been tested thoroughly within the sequence learning paradigm (Jiménez, 2003; Nissen & Bullemer, 1987; Shanks, 2003) , which has become one of the most popular paradigms to investigate implicit learning.
Sequence Learning
The sequence learning paradigm was initially developed by Nissen and Bullemer (1987) . These authors devised the serial reaction-time (SRT) task, in which participants were told to respond to a series of stimuli by pressing on the key corresponding to its current location. Unbeknownst to participants, the series of locations was structured to follow a predictable sequence, and participants learned about the sequence as attested by a slowdown contingent to its removal. Although learning was incidental in these conditions, and it resulted in more knowledge than that which could be reported on conventional measures of awareness, it has been argued that the underlying processes could not qualify as automatic, because performing the SRT task together with a secondary tone-counting task resulted in a decrease in the effect of sequence learning (e.g., Nissen & Bullemer, 1987; Rowland & Shanks, 2006; Shanks, 2003; Shanks & Channon, 2002; Shanks, Rowland, & Ranger, 2005) . Alternative accounts attributed this pattern of results either to a specific interference on explicit acquisition processes or to an increased distortion of the sequence provoked by interspersing a series of random tones that became integrated with the sequence. According to these arguments, Jimé-nez and Vázquez (2005) reported that the effect of the secondary task decreased when the series of tones covariated with the locations, hence reducing the disruption caused by the integration of both series (see also Schmidtke & Heuer, 1997) . Moreover, the authors also showed that contrary to a resource-dependence view, the impact of a secondary task did actually decrease and appeared later when the sequence was made more complex by arranging only probabilistic contingencies.
A few studies have approached the question about the role of central cognitive resources in implicit sequence learning by adding a second learning task, instead of a counting task unrelated to learning. The rationale underlying this strategy is that if all learning processes are assumed to depend on a central pool of resourcedemanding operations, then learning simultaneously about two sequential contingencies should be harder than learning about a single one. In turn, if two effects of learning arose simultaneously without cost, then the most parsimonious conclusion would be that at least one of them was acquired automatically, without taxing a shared and limited amount of cognitive resources.
A number of experimental reports have shown that two independent learning effects can be obtained without cost under certain circumstances. Mayr (1996) used a variant of the SRT task in which participants responded to the color of a stimulus appearing on each trial at one of several possible locations, and in which both the sequence of locations and the sequence of colors were predictable. The author showed that participants learned simultaneously about each of these two sequences to the same extent as did two control groups that were exposed to a single sequence. Analogous effects have been found by arranging a sequence of locations together with a temporal sequence in the response-to-stimulus intervals (Shin, 2008; Shin & Ivry, 2002) .
Dual learning effects have been reported not only when two independent cues predict different dimensions of the next trial, but also when two cues predict the same relevant outcome (Cleeremans, 1997; Jiménez & Méndez, 1999 ). In Cleeremans' (1997) study, a series of targets followed a complex, probabilistic series of locations, but a secondary stimulus also predicted the following location, by appearing precisely at the location on which the next target was more likely to appear. In these conditions, participants learned to predict the location of the next target by relying on the additional cue, but they also learned about the complex series of target locations. Jiménez and Méndez (1999, 2001 ) used a symbolic procedure in which the next location was predicted by the identity of the current stimulus rather than by the location of an additional cue. In this case, indeed, learning about that secondary contingency was acquired exclusively when participants performed an additional task on that dimension. However, neither performing that secondary task nor learning about the additional contingency interfered with the expression of sequence learning. Moreover, learning about a complex sequence of locations was obtained even when the participants were informed about the predictive relation arranged between the identity of each stimulus and the following location (Jiménez & Méndez, 2001) . Likewise, Cleeremans reported that sequence learning was acquired even when the contingency between the alternative cue and the following location was perfectly reliable. In this case, however, the expression of sequence learning was concealed by the presence of the more reliable cue, but learning was expressed over a transfer phase in which the alternative cue had been removed.
Together, these results attest to the automatic nature of these implicit learning processes, which arise simultaneously with other learning effects, even in conditions in which the presence of alternative, explicit cues could arguably occupy most of the learners' cognitive resources, and remove any obvious motivation to keep looking for sequential contingencies. Moreover, these results illustrate how such dual-learning settings could be used as a tool to demonstrate the automatic nature of other sources of implicit learning.
Contextual Cueing
The aim of the present study is to apply a similar procedure to assess whether the processes underlying contextual cueing could be construed as automatic in precisely this sense. Contextual cueing refers to a relatively recent addition to the implicit learning paradigms, which has received increasing interest over the last decade (e.g., Chun & Jiang, 1998 Endo & Takeda, 2005; Jiang & Chun, 2001 Jungé, Scholl, & Chun, 2007; Olson & Chun, 2001 Rausei, Makovski, & Jiang, 2007; Smyth & Shanks, 2008) . In this paradigm, first developed by Chun and Jiang (1998) , participants are repeatedly presented with a search task in which they are required to look for a rotated T shape among a number of rotated L shapes. Participants are instructed to respond by pressing one of two keys depending on the orientation of the target T. When training is structured so that the spatial configurations of distractors are often associated with particular target locations, the authors found that participants learn about these regularities, responding faster to repeated configurations rather than to variable ones. Contextual cueing, thus, has been interpreted as showing an improvement in the search for the location of a target when the configuration of distractors is systematically associated with the location of the target.
In contrast to the strategy used in the sequence learning paradigm, the role of attention in contextual cueing has been studied mainly by manipulating filtering factors. Jiang and Chun (2001) , for instance, manipulated the color of the repeated distractors and found that contextual cueing effects arose only when the informative distractors were drawn in the same color as that of the target, but not when they were drawn in a different color, thus allowing participants to successfully ignore them. Further experiments refined this conclusion by showing that some latent context learning could be acquired even in these unattended conditions (Jiang & Leung, 2005) . In this case, indeed, learning was not expressed over the training phase when the informative distractors were drawn in a different color. However, switching colors over a transfer phase revealed that participants had learned about these repeated distractors, because this change did immediately lead to an effect of contextual cueing. Thus, it is possible that the repeated configuration of distractors was encoded even without selective attention, but that their effects were not expressed when the benefits derived from using that contextual information were outweighed by those derived by filtering it out. Recent results reported by Rausei et al. (2007) pointed in the same direction, by showing that comparable effects of contextual cueing were obtained regardless of the similarity between targets and distractors, even though larger similarities resulted in larger dwelling times and thus, arguably, in more attention devoted to the processing of distractors.
The specific aim of this study is to jointly explore the role of attention in contextual cueing and in sequence learning, by assessing whether contextual cueing effects could arise together with the effects of sequence learning. In so doing, we also expect to obtain informative results with respect to the ongoing discussion about the neural bases of these two learning processes. The most accepted views concerning the neural structures underlying these two processes assume that implicit sequence learning involves structures associated with procedural memory, such as the supplementary motor area, parietal regions, and basal ganglia . In contrast, contextual cueing processes, even though they have been as assumed to be unconscious, have been shown to be impaired in amnesia cases, and have been related to the action of areas traditionally associated with declarative memory, such as the hippocampus and related medial temporal structures (Chun & Phelps, 1999; Greene, Gross, Elsinger, & Rao, 2007) . This nonoverlapping distribution over cortical and subcortical structures could be taken as predicting a complete independence between them. However, some imaging studies of sequence learning have also found activation of these medial temporal structures associated with sequence learning (Schendan, Searl, Melrose, & Stern, 2003) , especially for those learning conditions involving higherorder associations, and when learning results in more explicit knowledge. The traditional role of the medial temporal lobe in declarative memory thus makes it more important to ascertain whether this kind of context information can be encoded and retrieved without cognitive cost, simultaneously with other processes of sequence learning involving relational, second-order conditional information. If, as was claimed by Schendan and co-workers (2003) , the role of the hippocampus in higher-order implicit sequence learning involves binding sequential events into a unique episode, regardless of the learner's awareness, then it becomes more relevant to ascertain whether encoding such diachronic information could be done simultaneously with the encoding of the synchronic, spatial configuration that is required to produce contextual cueing.
Methodologically, the present study follows up on Jiménez and Vázquez's (2008) proposal to show that implicit sequence learning can be acquired in the context of a search task, in which participants were to look for a target surrounded by distractors, and to respond in terms of the target identity. In the present experiments we replicated these sequence learning effects, and added contextual information, to assess whether both learning results could arise simultaneously without mutual interference.
In Experiment 1 we adapted the standard contextual cueing paradigm to a continuous presentation pattern in which successive trials were presented without pauses or fixation points, and in which the number of possible responses was augmented with four alternatives instead of the usual two, so as to allow the merging of the contextual cueing and the sequence learning paradigms. In Experiment 2a group of participants was trained with such a blended paradigm, by arranging the targets to follow a secondorder conditional (SOC; Reed & Johnson, 1994) sequence, while their locations were cued, on half of the trials, by the configuration of distractors. The simultaneous effects of contextual cueing and sequence learning were compared with those obtained by control groups, which were presented exclusively with one of these contingencies.
Finally, in Experiments 3A and 3B we arranged either simpler deterministic sequences or more complex probabilistic structures to assess the effect of explicit sequence learning on the acquisition and expression of contextual cueing. In Experiment 3A a simpler sequence was repeated consistently over training, and we predicted that participants could become fully aware of it, and hence that they could end up responding to the task without paying much attention to the context. In contrast, when the sequence was made probabilistic in Experiment 3B, we expected that knowledge would not become explicit, and therefore that participants would need to keep paying continuous attention to each display in order to accurately identify the target. If attention is necessary to learn about an informative context, then stronger contextual cueing effects could be expected to arise in these latter conditions, when the sequence was only probabilistic. In contrast, if only minimal attention to the context is required to produce contextual learning, then it could be acquired and expressed regardless of whether the identity of each target was reliably predicted by the series of previous targets.
In all of these experiments, we assessed sequence learning and contextual cueing indirectly through the measures of performance, but we also included direct measures of the same learning effects, arranging a cued-generation task and a location-guessing task at the end of each experiment. These two tasks were not taken as pure measures of conscious knowledge, but their results were taken into account under the assumption that all the conscious knowledge that could be used to improve performance over the indirect tasks could also be applied, under direct instructions, either to anticipate the next target on the basis of the previous ones, or to guess the location of a removed target in terms of the configuration of the context. So, as far as these two direct measures fail to reveal the acquisition of any relevant knowledge, we will be inclined to accept that the knowledge expressed through the indirect measures is not conscious.
Experiment 1: Adaptation of the Contextual Cueing Paradigm
To adapt the standard contextual cueing paradigm to conditions allowing for the inclusion of a sequence, we modified some features from the original setting. In the standard procedure there were only two possible responses (left vs. right orientation of the target T), but sequence learning is usually assessed with tasks involving more responses. Thus we adopted a procedure from Jiménez and Vázquez (2008) in which participants were instructed to search for, and respond to, the identity of one of four possible targets (even numbers), which appeared surrounded by seven distractors. This arrangement allowed for fast responses, and produced salient configurations of the context, while avoiding an automatic detection of the target. With this procedure, Jiménez and Vázquez found that participants learned about a SOC sequence when the series of trials were presented continuously over 12 blocks of trials. The goal of this experiment was to ascertain whether contextual cueing could be obtained under these circumstances, and whether the continuous presentation could affect the results, in comparison with those obtained with more standard temporal parameters.
Method

Participants.
Forty-eight students from the University of Santiago participated in the experiment and were paid 5€. They had never participated before in any implicit learning experiment, and declared to have normal or corrected-to-normal vision. Twenty-four participants were randomly assigned to a Discrete condition, in which each trial was preceded by a fixation point of 500 ms, and in which the intertrial interval was fixed to 1000 ms.
The remaining 24 participants were presented with a Continuous condition in which the fixation point was removed, and the response-to-stimulus interval (RSI) was reduced to 200 ms.
Apparatus and materials. The experiment was run on Pentium III PCs connected to color monitors. Responses were made on Spanish QWERTY keyboards. The experimental program was designed with INQUISIT 1.31 (Inquisit, 2004) . The stimuli consisted of a set of colored digits printed in Garamond font, 1.1 cm high by 0.7 cm wide, over a grey background. Target stimuli were even numbers (2, 4, 6, and 8) presented in one of four possible colors (red, blue, green, or yellow). The target appeared on each trial at one of the 16 locations defined by an invisible 4 ϫ 4 matrix, 8.4 cm wide by 8.6 cm high, accompanied by seven distractors. Vertical and horizontal lines divided the matrix into four quadrants. Between neighboring slots there was a horizontal separation of 1.9 cm and a vertical separation of 1.4 cm. The location of the target was decided randomly without replacement over each series of 16 successive trials. After a series of 16 trials, the next trial could appear at any other location except at the location sampled on the previous trial. The distractors for each trial were seven instances of the same odd number, randomly chosen from the set 1, 3, 5, 7. The seven distractors plus the target stimulus were colored and located pseudo-randomly for each trial, so that two of them were drawn in each possible color (red, blue, green, and yellow), and two items were located at each one of the four matrix quadrants (see Figure 1) .
The identity of the target, and therefore the response required for each trial, was decided pseudo-randomly with the constraint that all four possible targets were equally frequent, and repetition of the same target was not allowed on consecutive trials. As for the relation between the configuration of the context and the location of the target, the program designated two positions from each quadrant as being associated with repeated contexts for each participant (i.e., eight repeated-context trials in total), whereas the other two positions from each quadrant were assigned to variable contexts. For repeated-context trials, the location of the target was associated with a global configuration of the context, including the identity, colors, and locations of the distractors, as well as the color (but not the identity) of the target. As for the variable-context trials, a different configuration of colors and locations was randomly generated for each of the four possible identities of the distractors, so that the same location of the target was not associated with a single configuration of distractors.
Procedure. Participants responded on the identity of the even number (2, 4, 6, 8) by pressing the keys V, B, N, and M, respectively, with the middle and index fingers of each hand. Training consisted of 1152 trials, divided into 24 blocks of 48 trials. Each block comprised three series of 16 trials, which presented the target once on each of the 16 possible locations over the matrix. Participants assigned to the Discrete condition were presented with a fixation point (i.e., the letter x centered over the display) during 500 ms at the beginning of each trial, followed by the presentation of the matrix until response. A high or low tone of 250 ms provided positive or negative feedback on performance, and the next trial came after 1000 ms. In the Continuous condition, the RSI was reduced to 200 ms, and feedback was presented only on errors (a high 100-ms tone).
Learning measures were indirectly taken from performance in responding to repeated-versus variable-context trials. If participants learned about the information provided by the context with respect to the target location, we expected that participants would respond progressively faster to repeated-context trials than to variable-context trials. If learning was implicit, we expected this learning to arise even when participants were not able to guess the location of the target over a direct task in which the same contexts were presented, but in which the target was replaced by another distractor cf. Smyth & Shanks, 2008) . According to this rationale, a direct measure was arranged at the end of training, in which participants were instructed to guess the location of the target in a series of 32 trials comprising two presentations of each of the eight repeated-context displays and of eight displays selected from the variable contexts. In all cases, the target was replaced by another distractor. Rather than guessing the specific location of the removed target, participants were asked only to guess the quadrant at which the target would have appeared in that particular context. Responses were issued by pressing keys 4, 5, 1, or 2 from the numeric keypad to indicate upper-left, upper-right, lower-left, and lower-right quadrants, respectively. To assess whether this measure showed any conscious knowledge about the contextual regularities, we compared the proportion of correct responses produced respectively for repeated-and variablecontext trials.
Results
For all experiments, the alpha level was set at .05. We report on partial eta squared ( p 2 ) as an index of effect size, as well as Greenhouse-Geisser epsilon and adjusted p values whenever it is relevant, but nominal degrees of freedom are maintained. Reaction times (RTs) corresponding to the first trial of each block, as well as error responses, were excluded from the analyses. Accuracy data were analyzed in order to discard any of the reported effects that could result from a trade-off between speed and accuracy. Because there was no evidence of this kind of trade-off, we report only on the overall accuracy levels, and concentrate the discussion on the effects observed on RTs.
Training. The percentage of errors in the Discrete and Continuous conditions was 3.9 and 3.6, respectively, and they did not differ between groups, t (46) Figure 2) . There was no significant interaction involving condition and context simultaneously, thus suggesting that the effect of contextual cueing did not differ between groups.
Direct measure of contextual cueing (location guessing task). An ANOVA conducted over the percentage of hits, with condition (Discrete vs. Continuous) and context (repeated vs. variable) as independent factors did not produce any significant effect or interaction (all Fs Ͻ 1). Thus, participants guessed all locations at random, and the proportion of hits did not differ from that expected by chance (.25) either on repeated-context (.24) or on variablecontext (.25) trials.
Discussion
The results of Experiment 1 showed that the effect of contextual cueing is robust, in that it resisted the procedural changes introduced in this new version of the paradigm. Importantly, this phenomenon has often been assessed under conditions in which the allocation of attention is heavily controlled before the start of each trial, presenting a fixation point and using a large interval between successive trials. Our finding that analogous effects can be obtained in a continuous version of this task, even when there is no explicit realignment of attention between trials, lends support to the argument that this experimental phenomenon may affect the dynamics of attention in natural domains in which people have to process and respond to a series of regular contexts. In many of these domains, both synchronic and diachronic information (i.e., the context of each trial plus the sequence of successive trials) could be helpful for learners to prepare and to react optimally to a continuous flow of structured events. In the following experiments we set up a design to investigate the interaction between contextual cueing and sequence learning effects by merging these two paradigms.
Experiment 2: Contextual Cueing and Second-Order
Sequence Learning
Method
Participants. Ninety students from the same pool participated in the experiment. Thirty participants were randomly assigned to each condition: In the Cueing condition only the contextual contingency was presented; in the Sequence condition a SOC structure was included in the series of responses, but there was no relation between contexts and targets; finally, in the Cueing plus Sequence group both contingencies were included at the same time. Unless otherwise stated, all features of the design followed those described for the Continuous condition from Experiment 1.
Procedure. The Cueing condition constituted a close replication of the Continuous condition from Experiment 1. In contrast, participants in both the Sequence and the Cueing plus Sequence conditions were presented with a series of structured targets that called for a repeated sequence of responses. This sequence of targets followed a 12-element, SOC sequence in which all individual items and all first-order transitions were equally probable, but in which the correct successor of a sequence could be predicted by considering two previous trials. Specifically, the series we used as training and control sequences were 2-4-2-8-6-4-8-2-6-8-4-6 and 6-4-6-8-2-4-8-6-2-8-4-2. As can be observed, both sequences are structurally analogous and are related to each other by a simple replacement of Elements 2 and 6. However, they are maximally discriminative in that the successor of any two-event series is always different between training and control sequences.
Training was structured in 12 blocks of 96 trials. Each training block (i.e., Blocks 1 to 9, plus Block 12) contained eight repetitions of the training sequence. Blocks 10 and 11 were arranged as test blocks, in which only 50% of the trials were generated according to the training sequence, whereas the remaining trials followed the control sequence. Thus, over the test blocks each individual trial was generated according to the two previous trials, by following at chance either the prescriptions of the control sequence or those of the training sequence. In other words, after each fragment of two trials (e.g., 8-2) the successor was randomly assigned to be that following this fragment according to the training (i.e., 8-2-6), or the control sequence (i.e., 8-2-4). During Block 12 the training sequence was restored, right before introducing the direct measures of learning.
To indirectly assess sequence learning, we compared the average RTs in response to control trials over the test Blocks 10 and 11 with the average RTs in response to training trials over the neighboring Blocks 9 and 12. Contextual cueing was assessed in the Cueing and Cueing plus Sequence conditions over the training phase (Blocks 1 to 9) as was described for Experiment 1. However, in the Cueing plus Sequence condition we separately assessed the effect of contextual cueing over the test blocks, to ascertain whether changing the sequence affected the expression of contextual cueing.
After training, direct measures of contextual cueing and sequence learning were presented in the appropriate groups. In the Cueing plus Sequence condition, the order of these measures was counterbalanced across participants. The location-guessing task was exactly as that described for Experiment 1. As for the sequence learning, we included a cued generation task comprising 24 tests. Each test consisted of three trials, the first two of which were analogous to those presented over training, whereas the third one was a prediction trial. Over the first two trials of each test, participants were presented with 1 of the 12 possible two-trial fragments that could appear over training, and were asked to respond to them as they did over the standard task. On the third trial, the target was replaced by another distractor, and participants were asked to guess the identity of the removed target by relying on what they saw on the two previous trials. Each of the 12 possible two-trial fragments was presented twice, for a total of 24 generation tests. To evaluate the expression of sequence learning over this generation task, we compared the proportion of prediction trials in which participants generated the successor corresponding to either the training sequence or the control sequence. During this task, accuracy was emphasized over RTs, and no feedback was provided.
Results
Percentage of errors over training on Cueing, Sequence, and Cueing plus Sequence conditions were 2.8, 3.1, and 3. Sequence learning.
The effect was assessed in both the Sequence and Cueing plus Sequence conditions, by comparing RT in response to the control trials over the test blocks, with RT in response to the training trials over their neighboring blocks. An ANOVA with condition (Sequence vs. Cueing plus Sequence) as a between-participants factor and with sequence (training vs. control) as a repeated measure, showed a significant effect of se- quence, F(1, 58) ϭ 12.33, p 2 ϭ .18, p Ͻ .001, but not an effect of condition, nor a Condition ϫ Sequence interaction (Fs Ͻ 1; see Figure 3 , bottom panel), indicating that both groups learned the sequence in a similar way.
Contextual cueing and sequence learning. To further assess the effect of one contingency over the other in the Cueing plus Sequence condition, we compared the effect of contextual cueing over the test blocks with that observed over the neighboring Blocks 9 and 12. The ANOVA with sequence validity (low vs. high) and context (repeated vs. variable) as within-participant factors showed significant effects of sequence validity, F(1, 29) 
Direct measure of contextual cueing (location guessing task).
An ANOVA conducted over the percentage of correct guesses with condition (Cueing vs. Cueing plus Sequence) as a betweenparticipants factor and context (repeated vs. variable) as a repeated measure did not show any significant effect or interaction. Indeed, the proportion of correct guesses for the repeated trials (.24) was not different from that obtained for variable trials (.22), and it did not exceed that expected by chance (.25). This strongly indicates that context knowledge was implicit.
Direct measure of sequence learning (cued-generation task). Participants in this task can generate successors in accordance with either the training sequences or the control sequences, but they could also produce responses inconsistent with both of them. Both groups of participants tended to generate the training successors slightly more often than they did the control successors (.34 vs. .29 in the Sequence group, and .40 vs. .37 in the Cueing plus Sequence group). An ANOVA comparing these proportions of generation responses between conditions showed a significant effect of condition, F(1, 58) ϭ 6.64, p 2 ϭ .10, p Ͻ .05, indicating that participants in the Cueing plus Sequence condition generated responses consistent with either the control or the training sequence more often than did participants in the Sequence group. More important, neither the effect of sequence, F(1, 58) ϭ 2.56, p 2 ϭ .04, p ϭ .11, nor the Condition ϫ Sequence interaction, F(1, 58)ϭ .17, p 2 ϭ .00, p ϭ .67, reached significance in this analysis. Thus, although there was a trend to generate the training successors of each fragment more often than their control counterparts, this effect was not statistically reliable, thus suggesting that the effects of sequence learning obtained in the indirect measures were not attributable to explicit sequence knowledge.
Discussion
The results of this experiment show that contextual cueing and sequence learning effects can proceed simultaneously without cost and that both of them are implicit, in the sense that they could be expressed through the indirect measures of performance, even when they do not produce significant effects in comparable direct measures. This is especially clear for the location guessing task, which directly assessed participants' ability to infer the location of a removed target by relying on a repeated context Smyth & Shanks, 2008) . A similar, but somewhat less clear pattern was observed in the sequence learning task. On the one hand, the indirect measures taken during training did clearly indicate that sequence learning took place, even though its expression (i.e., the difference between responses to training and control trials) disappeared within the test blocks. This tendency of the effects of learning to disappear upon a sudden decrease in the proportion of predictable trials has been previously found, and it has been associated with participants' becoming aware of the change introduced over the test blocks (Jiménez, Vaquero, & Lupiáñez, 2006; Jiménez & Vázquez, 2008) . On the other hand, the results from the cued-generation task do not support the conclusion that sequence knowledge became explicit in this experiment, because participants were not able to generate the training successors significantly more often than they generated the control successors when they were directly instructed to do so. Alternatively, we surmise that the low reliance on the training sequence observed over the test blocks could be attributed to the trial-bytrial substitution procedure adopted in this experiment to introduce control trials (cf. Schvaneveldt & Gomez, 1998) . Whereas in previous studies (e.g., Jiménez et al., 2006; Jiménez & Vázquez, 2008) we adopted a series substitution strategy, in which complete 12-trial series of the training or control sequence were mixed with each other over the test blocks, in the present experiment each individual trial was arranged to follow either the control or the training structure. As has been recently demonstrated by Jiménez, Lupiáñez, and Vaquero (2009), a trial-by-trial substitution procedure could result in some automatic sequential congruency effects, which would reduce the expression of sequence learning right after an incongruent (i.e., a control) trial in a way similar to that found in other congruency tasks (see Egner, 2007 , for a review of those sequential congruency effects). In any case, given that these results are not completely conclusive on whether sequence learning was implicit, and therefore on whether the observed lack of competition between sequence learning and contextual cueing could be obtained regardless of the explicit versus implicit nature of this learning, two additional experiments were designed to address this issue. In Experiment 3A and 3B, we arranged either a simpler deterministic sequence or a more complex probabilistic sequence, and we assessed the impact of the resulting knowledge on the acquisition and expression of contextual cueing.
Experiments 3A and 3B: Contextual Cueing and Deterministic Versus Probabilistic Sequence Learning
Method
Participants. Forty-eight students from the same population participated in Experiment 3A (deterministic sequence) and were randomly assigned to one of two conditions. Half of them were assigned to the Sequence condition and were presented with a deterministic hybrid sequence, which we expected to result in more explicit sequence knowledge. The other 24 participants were presented with the same sequence together with a contextual cueing preparation (Cueing plus Sequence condition), so as to assess the interaction between contextual cueing and such explicit sequence learning. Another pool of 48 students took part in Experiment 3B (probabilistic sequence). Participants in this experiment were also assigned to either Sequence or Cueing plus Sequence conditions, but now the training sequence was respected in only 75% of the training trials, whereas it was replaced by a control sequence in the remaining 25% of the trials.
Procedure. The procedure for Experiments 3A and 3B followed the lines described for the corresponding conditions from Experiment 2, with the exceptions described below. First, the series of target digits were generated according to a simpler hybrid sequence (Cohen, Ivry, & Keele, 1990) . The training sequence was composed by eight elements, comprising two presentations of each digit. To control for the possibility that certain transitions could be easier to learn or to respond to, we developed four versions of the training sequence and presented each version to 6 participants within each group. Table 1 presents these four training sequences, together with their corresponding control sequences. As can be observed, all sequences are structurally analogous. They contain two repetitions of a single unique transition, which allows participants to predict the next event by relying on a single previous target (e.g., 2-6 in the first training sequence, 2-4 in its corresponding control). The two repetitions of this unique transition are separated by two intervening events, which give place to six ambiguous transitions in which a single event predicts a different successor on each of its two occurrences (e.g., 6-4 and 6-8 in the first training sequence, 6-2 and 6-8 in its corresponding control). No immediate repetitions (e.g., 6-6) or reversals (e.g., 6-2-6) are allowed, and each control sequence was generated by replacing specific digits from the training structure, so that the two occurrences of the unique transition and half of the ambiguous transitions were modified.
In both experiments, the training phase comprised 12 blocks, with a test at Block 11. In Experiment 3A (deterministic training), a training block was made up of 96 trials, featuring 12 repetitions of the training sequence. The test Block 11 contained six repetitions of the training sequence, randomly interspersed with six repetitions of the control sequence. In Experiment 3B (probabilistic training) each training block contained nine repetitions of the trained sequence randomly interspersed with three repetitions of the control sequence. The test Block 11 was analogous in both experiments. Thus, in both of them we adopted a series substitution strategy, using complete series of eight trials conforming to the relevant sequence, rather than relying on the trial-by-trial substitution procedure described for Experiment 2. To make sure that connections between training and control sequences could be made in accordance with the second-order transitions stipulated by the upcoming sequence, the starting point of each sequence at the beginning of each block was not selected completely at random, but only among the three transitions that were shared between each pair of control and training sequences. Thus, for instance, the Training Sequence 1 could start with the successor of the transition 8-2 (i.e., with digit 6) because in this way the sequence could end up precisely with the fragment 8-2, which was also legal according to the corresponding control sequence. In that case, the first trial of the control sequence would be the successor of this legal path, thus respecting the second-order conditionals stipulated by the upcoming sequence.
To assess the amount of explicit knowledge, we included a generation task, together with a location-guessing task presented to those groups in which the context was informative. In the generation task, participants were presented twice with each of the 11 two-trial fragments that could appear over either the training or the control sequences experienced by each participant. After reacting to these two trials, they were required to predict the most likely successor of that fragment. Generation responses were scored as consistent with the training sequence, consistent with the control sequence, or inconsistent with both.
Results from Experiment 3A (Deterministic Sequences)
Percentages of errors in the Sequence and Cueing plus Sequence conditions were 3.1 and 2.5, respectively. Both groups performed the task with a similar level of accuracy, t(46) ϭ 1.16, p ϭ .24.
Sequence learning. An ANOVA conducted over RTs with condition (Sequence vs. Cueing plus Sequence) as a betweenparticipants factor, and practice (Blocks 1-10) as a repeated measure showed only a significant effect of practice, F(9, 414) ϭ 81.27, p 2 ϭ .64, ε ϭ .64, p Ͻ .0001. To assess sequence learning, we compared performance over the control trials during the test block with performance over the adjacent training blocks. An ANOVA with condition (Sequence vs. Cueing plus Sequence) and sequence (training Blocks 10/12 vs. control trials from test block) showed significant effects of sequence, F(1, 46) ϭ 88.23, p 2 ϭ .66, p Ͻ .0001. As is shown in Figure 4 (top panel), the effect was larger than that usually found in other sequence learning tasks, thus suggesting that the acquired knowledge was actually explicit and that consciously anticipating the next event produced strong benefits in this task. Neither the effect of condition nor the Condition ϫ Sequence interaction approached significance ( ps Ͼ .15).
Generation performance confirmed that sequence knowledge was explicit, by showing that participants produced successors consistent with the training sequence significantly more often than those consistent with the control sequence (.53 vs. .36), F(1, 46) ϭ 19.84, p 2 ϭ .30, p Ͻ .0001. Neither the effect of condition nor the Condition ϫ Sequence interaction approached significance ( ps Ͼ .70).
Contextual cueing.
To assess whether the acquisition or expression of contextual cueing was affected by the presence of explicit sequence learning in the Cueing plus Sequence condition, we conducted an ANOVA over RTs with practice (Blocks 1-10) and context (repeated vs. variable) as repeated measures. Results showed significant effects of practice, F(9, 207) ϭ 37.13, p 2 ϭ .62, ε ϭ .54, p Ͻ .0001, and context, F(1, 23) ϭ 9.20, p 2 ϭ .29, p Ͻ .01. Figure 4 (middle panel) shows that there was a small but significant effect of contextual cueing, which contrary to that observed in previous experiments, did not grow with practice ( p Ͼ .50). Interestingly, the effect seemed to disappear by the end of Training Control
Sequence 1 2-6-4-8-2-6-8-4 2-4-6-8-2-4-8-6 Sequence 2 4-8-2-6-4-8-6-2 4-2-6-8-4-2-8-6 Sequence 3
2-4-6-8-2-4-8-6 2-6-4-8-2-6-8-4 Sequence 4
4-2-6-8-4-2-8-6 4-8-2-6-4-8-6-2 training, but it reappeared strongly over the test, when the validity of the sequence decreased suddenly. Within the test block, a strong effect of 68 ms was observed, F(1, 23) ϭ 25.23, p 2 ϭ .53, p Ͻ .01. To assess whether explicitly following the sequence interfered with the expression of contextual cueing, we compared these effects between the test and the adjacent blocks. An ANOVA with type of block (training vs. test) and context (repeated vs. variable) showed significant main effects of type of block, F(1, 23) Figure 4 , bottom panel).
Finally, the direct measure of contextual cueing obtained in the Cueing plus Sequence condition did not show location guessing levels above those expected by chance (the proportion of hits were .23 and .24, respectively, for repeated and variable trials). This again indicated that contextual learning remained implicit.
Results of Experiment 3B
Participants in both Sequence and Cueing plus Sequence conditions from Experiment 3B produced only a small percentage of errors (3.6 and 3.1, respectively). These two levels of accuracy were not significantly different from each other, t(46) ϭ .85, p ϭ .39.
Sequence learning. Because in this experiment the sequence was probabilistic, it was possible to assess sequence learning on-line over the whole training period. An ANOVA on RTs with condition (Sequence vs. Cueing plus Sequence) as a betweenparticipants factor, and with practice (Blocks 1-10) and sequence (training vs. control) as repeated measures showed significant effects of practice, F(9, 414) ϭ 61.79, ε ϭ .64. p 2 ϭ .57, p Ͻ .0001, and sequence, F(1, 46) ϭ 19.52, p 2 ϭ .30, p Ͻ .0001, but only a nonsignificant trend for the Practice ϫ Sequence interaction, F(9, 414) ϭ 1.79, p 2 ϭ .04, ε ϭ .75, p ϭ .09 (see Figure 5 , top panel). No effects or interactions involving condition approached significance in this analysis.
In keeping with the practice adopted in previous experiments, our main conclusions concerning sequence learning relied on the comparison between responding to control trials over the test block and responding to the sequence trials over the adjacent training blocks. The ANOVA comparing these two scores with condition as a between-participants factor showed a significant effect of sequence, F(1, 46) ϭ 25.91, p 2 ϭ .36, p Ͻ .0001, but neither the effect of condition nor the Condition ϫ Sequence interaction approached significance ( ps Ͼ .50).
The generation results indicated that sequence knowledge was less explicit in this probabilistic setting than it was in Experiment 3A. Although in absolute terms, participants tended to generate the training successor of each fragment somewhat more often than they generated its control counterpart (.47 vs. .42), an ANOVA conducted over these proportions of generation responses, with condition as a between-participants factor, did not reach significant effects of sequence, F(1, 46) ϭ 2.89, p 2 ϭ .06, p ϭ .09. Neither the effect of condition nor the Sequence ϫ Condition interaction approached significance in this analysis ( ps Ͼ .50).
Contextual cueing.
A repeated-measures ANOVA conducted on the RTs for participants in the Cueing plus Sequence condition, with practice (Blocks 1-10) and context (repeated vs. variable) as independent factors showed significant effects of practice, F(9, 207) ϭ 36.44, p 2 ϭ .61, ε ϭ .47, p Ͻ .0001, and context, F(1, 23) ϭ 40.19, p 2 ϭ .64, p Ͻ .0001, indicating both an improvement with training and a contextual cueing effect (see Figure 5 , bottom panel). The Practice ϫ Context interaction was not significant ( p Ͼ .25). When the validity of the sequence was reduced over the test Block 11, the effect of context remained present, F(1, 23) there were no significant differences between the proportion of correct guesses for the repeated (.27) and variable (.24) trials, t(23) ϭ .83, p ϭ .41.
Discussion of Experiments 3A and 3B
Together, these experiments indicate that the contextual cueing effect may be acquired and expressed simultaneously with the implicit sequence learning produced by training participants with a probabilistic sequence (Experiment 3B), but that learning about a simpler, deterministic sequence does somehow interfere with the expression of contextual cueing (Experiment 3A). The average effects of contextual cueing over the whole training period were 33 and 18 ms, respectively, for each of these two experiments, corresponding to partial 2 of .64 and .29. An ANOVA comparing these two effects did not reach significant differences between them, although the Context ϫ Experiment interaction indicated a trend in that direction, F(1, 46) ϭ 3.41, p 2 ϭ .07, p ϭ .07. By inspecting the corresponding patterns in Figure 4 (middle panel) and Figure 5 (bottom panel), one can see that the difference in the context effect arises mainly over the second half of training, when participants in Experiment 3A could be increasingly relying on the sequence. An ANOVA restricted to Blocks 6 to 10 confirmed that the Context ϫ Experiment interaction was significant at this point, F(1, 46) ϭ 9.13, p 2 ϭ .17, p Ͻ .005. The simplest interpretation of the difference in the expression of contextual cueing between Experiments 3A and 3B does rely on the assumption that participants trained with a short, deterministic sequence learned explicitly about it, and thus either stopped searching through the display, or at least restricted their processing efforts to a mere confirmatory check for the presence of the expected target. According to this interpretation, it is worth noting that RTs over training became significantly faster in Experiment 3A, as was indicated by the Practice ϫ Experiment interaction, F(9, 38) ϭ 3.22, p 2 ϭ .43, p Ͻ .01, and that the direct measure also showed explicit sequence knowledge only in Experiment 3A. An ANOVA comparing the generation results over the two experiments confirmed that the effect of sequence was significantly larger in Experiment 3A than that in Experiment 3B, F(1, 92) ϭ 5.00, p 2 ϭ .05, p Ͻ .05. The interaction between sequence learning and contextual cueing thus appears to be restricted to conditions in which sequence knowledge becomes explicit. However, it is important to note that even though explicit sequence learning interfered with the expression of contextual cueing, the acquisition of context information was not affected by that manipulation. Indeed, the effect of contextual cueing was comparable between experiments when they were assessed over the test block, in which the learned sequence became unreliable. Actually, over this test block participants in Experiment 3A showed an effect of contextual cueing that was larger in absolute terms than that found in Experiment 3B (68 vs. 51 ms). Thus, explicit sequence knowledge may have affected the expression of contextual cueing, but not the amount of context knowledge acquired by the end of this period.
General Discussion
In three experiments, we investigated whether contextual cueing could affect performance in conditions in which successive trials proceeded continuously without pauses, and in which both diachronic (i.e., sequence) and synchronic (i.e., context) information were useful to improve responding to a stream of events. In Experiment 1, we confirmed that contextual cueing effects arose similarly with discrete trials separated by a large response-tostimulus interval (RSI) and a fixation point, and in continuous conditions in which successive trials appeared without transition. In Experiment 2, we showed that it is possible to learn simultaneously about this context information, and about a relatively complex sequence of targets and responses, thus suggesting that these two learning processes do not compete for a limited pool of central cognitive resources. Finally, Experiments 3A and 3B, designed to ascertain the differential effects of explicit versus implicit sequence learning on the acquisition and expression of contextual cueing, confirmed that implicit learning about a probabilistic sequence does not interfere with the effects of contextual cueing, whereas explicit learning about a simpler, deterministic structure does affect the expression but not the acquisition of context knowledge. In the following paragraphs, we discuss the main conclusions to be drawn from this pattern of results, with special emphasis on the processes underlying contextual cueing, and on the automatic nature of these learning effects.
Automatic Nature of Implicit Learning
The main conclusion to be drawn from Experiments 2 and 3B is that sequence learning and contextual cueing can proceed simultaneously without cost, as long as both of them remain implicit. We made sure that sequence learning processes were implicit by using either complex (i.e., second order) or probabilistic contingencies, and we assessed their explicit results by including direct measures of the relevant knowledge by the end of the experiments. In accordance with most previous research on contextual cueing (with the notable exception of that of Smyth & Shanks, 2008) , our measures of location guessing did not provide any evidence that participants could guess the location of a removed target more often when they were presented with a repeated context than when they responded to a variable context. This was so despite the fact that, following Smyth and Shanks's suggestions, we arranged two presentations of each context, instead of a single one, so as to improve the sensitivity of the location-guessing task.
As for the direct measure of sequence learning, we relied upon a cued-generation task that showed, as was expected, that participants acquired some explicit sequence knowledge when the sequence was simple and deterministic (Experiment 3A), but not when it was probabilistic (Experiment 3B), or when it involved only second-order conditionals (Experiment 2).
The main hypothesis arising from the assumption that these two learning processes result automatically from performing the orienting task was that we should not find competition between them for a limited pool of central processing resources. In line with this hypothesis, we found that both learning effects proceeded without mutual interference when they remain implicit (i.e., Experiment 2 and Experiment 3B). Importantly, however, results from Experiment 3A showed that when the sequence information became explicit, it hindered the expression of contextual cueing, even though the acquisition appeared not to be affected, as was shown by the observation of comparable levels of context knowledge over the test block, in which the sequence was no longer reliable.
Overall, these results are compatible with the conclusion that learning about informative contexts does not call for the same cognitive resources needed to learn about a sequence of targets, neither when the participants become aware of the sequence nor when this sequence knowledge remains implicit.
Selective Attention and Contextual Cueing
In Experiment 3A, participants learned about informative contexts even when they were responding to a completely predictable sequence of targets. Under these conditions, the search task could become simplified to the point of allowing participants to perform the task without paying much attention to the context, by simply verifying the presence of the anticipated target. This suggests that selective attention was not necessary for learning about the context. In this sense, the results could be taken as consistent with those reported by Jiang and Leung (2005) , who showed that participants learned about informative contexts even without selective attention to these contexts, but that their effects were expressed only when the conditions changed so that participants could no longer ignore these informative contexts.
Alternatively, one might argue that knowledge about repeated contexts could have been acquired early in training, when full selective attention was still devoted to the search task, and that this context learning could have reached the asymptote before the sequence knowledge became explicit. This argument is consistent with some intriguing results showing that contextual cueing effects appear to rely heavily on the first experiences with a search task, to the point of being absent when participants are exposed to a number of noninformative patterns before training with structured configurations (Jungé et al., 2007) . Although this early-learning account remains a possibility that calls for a systematic analysis, at this point it seems premature to accept that the first experiences with a search task could have such a disproportionate, and ultimately nonadaptive, impact on performance.
Expression Deficit
Results from Experiments 3A and 3B showed that context knowledge can be acquired to a similar extent regardless of the presence of a simultaneous process of explicit sequence learning, but also that exploiting a reliable sequence does hinder the expression of contextual cueing. We have proposed that such expression deficit could be explained in terms of the reduced amount of selective attention deployed to the informative contexts, but there remain at least two alternative accounts for this expression deficit. First, one might argue that the absence of contextual cueing could not depend as much on the reduction in selective attention caused by explicit sequence learning, but rather on the size of this sequence learning effect, which might simply mask the expression of cueing. In other words, it is possible that contextual cueing could only arise above a certain "floor level" in performance, and that explicit sequence learning could have led response latencies below this level. Alternatively, although the acquisition of context information does not appear to depend on a deliberate decision to encode that context, it is in principle possible that deliberately trying to anticipate the next target could interfere directly with the retrieval of relevant information about repeated contexts. We surmise that an account based on the reduction of selective attention is more likely than any of the two alternatives described, but further research is needed to assess them.
Processes Underlying Learning
Finally, the absence of interference showed in this study between implicit sequence learning and contextual cueing also bears some more general implications with respect to the nature of the underlying processes. There are admittedly many possible ways of thinking about the basis for dual-task interference. To end this article, we would like to briefly refer to three of these perspectives, which can be built in terms of either the neural or the functional bases of these processes. First, in terms of the neural networks involved in these two processes, one might speculate that an independent course for these two effects could be expected as far as each of them is subserved by the action of nonoverlapping networks. Contextual cueing, on the one hand, has been related to the activation of the hippocampus and associated medial temporal structures, which are involved in the encoding of complex episodes, and in exploiting their lawful configurations regardless of awareness (Chun, 2000; Chun & Phelps, 1999; Greene et al., 2007) . On the other hand, implicit sequence learning has been identified with the action of a procedural network, involving mainly the supplementary motor area, basal ganglia, and some loci within the parietal cortex Keele, Ivry, Mayr, Hazeltine, & Heuer, 2003) . Thus, just as these two brain networks involve mostly nonoverlapping structures, it comes as no surprise that the functions subserved by each of these subsystems could be developed independently from each other. An interesting twist in this regard, however, comes from results reported by Schendan el al. (2003) , who found activation of the medial temporal lobe in a sequence learning task early in training, specifically when it involved second-order, relational contingencies, and even in conditions in which learning remained implicit. If the role of the hippocampus in this process is to bind sequential events into unique episodic experiences, as was suggested by these authors, then the results of Experiment 2 could be especially relevant, because they would show that these medial temporal structures could simultaneously contribute to two different binding processes, a diachronic one that binds successive targets, and a synchronic one that associates each context with a specific location of the target.
At a functional level, the observed lack of competition between sequence learning and contextual cueing effects would be surprising only if one conceives these processes as based either on a general problem-solving ability or on the result of some complex integration of independent mechanisms that, however, need to share some specific modules at certain processing levels. The observed lack of competition between these two learning processes is thus consistent with the conclusions that these processes are not sustained by a shared pool of nonmodular working-memory resources, nor are they requiring the use of overlapping modules at the same time or for the same purpose. Concerning the sequence learning process, for instance, there is evidence indicating that, even if it involves multicomponent influences, one of their main components has to do with a representation of the sequence of response locations (Willingham, Wells, Farrel, & Stemwedel, 2000) . In contrast, the locus of the effect of contextual cueing has been located earlier, at a perceptual level, and it has been described as a facilitation of the search process, resulting from a guidance of attention toward the location of the cued target . Given that these two effects arise at different processing stages and at different moments, it follows that they could affect performance in an additive manner. Indeed, the absence of an interaction between implicit sequence learning and contextual cueing could be seen as problematic for a recent attempt to locate the contextual cueing effects at the response selection stage (Kunar, Flusberg, Horowitz, & Wolfe, 2007; Kunar, Flusberg, & Wolfe, 2008) . According to these authors, when a target appears in a familiar context, this context should not necessarily guide participants' attention toward the location of the target, but it could lower their response threshold in comparison with conditions in which the context is not familiar, thus requiring less evidence about the identity of the target before committing to a response. If this were the case, indeed, we surmise that the effect of contextual cueing could be expected to interact with the effect of implicit sequence learning, so that when the identity of the target is already predicted by the previous series, the effect of a lowered response threshold should become minimized. Because this pattern of interaction has not been observed in the present study, our results do not lend support to such a response-selection account of contextual cueing. We hope that future designs could use the paradigm introduced in this article as a useful tool to further investigate the locus of these contextual cueing effects. Moreover, we surmise that the specific effect provoked by explicit sequence learning on the expression of contextual cueing could be used as an indirect way to assess the explicit versus implicit nature of sequence learning.
